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 A pilot study was conducted on labor intensive industries to measure the impact of 
intangible resource inputs on manufacturing productivity. Three intangible resource inputs, 
degree of skills of labor, favorable working environment, R & D knowledge, were used to 
measure the impact on productivity. Firm’s data of business operations of sample 
manufacturing industries, have been used for analysis. Study showed, a positive but weak 
correlation (r<0.5) exists between the inputs of basic skills and productivity, a positive but 
moderate correlation(r>0.5) exists between inputs of upgraded working environment and 
productivity. A strong and positive correlation is found (r>0.7) between R & D based 
inputs and productivity. Additionally, the productivity gain ratio was found significantly 
good (rp >1.3) for R & D base inputs. Study concludes, expenditure on manufacturing R & 
D is essentially important to generate knowledge as higher value added input to have 
higher productivity. 
 




The meaning of manufacturing productivity can be stated in different ways but the most 
common aspects available in literatures are; firstly, the partial productivity measures the activity 
of single input and corresponding outputs; secondly, multifactor productivity measures take into 
account the unitization of multiple inputs and net outputs, the most common one is Total Factor 
of productivity express the ratio of all outputs produced to all resources used; finally, individual 
productivity or labor productivity is measured by that person’s potential to reach the height level 
of possible performance (Singh et al.,2000; Battisti et al., 2006).  Mathematically, it can be 
expressed as the ratio of revenue of outputs to cost of all resources used. Indeed, individual 
productivity mainly measures the performance of a labor (BLS, USA).  
 
In the individual level, the utilization of potential in manufacturing process is highly dependent 
on many factors, but, the quality inputs, such as skills, favorable working environment and R & 
D knowledge are the most important. In a most recent study, Giulian and Alfonsina  (2009) 
found that, in many cases, for individual or small group of labor, exits a gap in their 
productivity. That is, failure of achieving up to the potentials. It means, the person is not 
motivated and is not working up to their ability. It is desirable, to estimate potential and 
productivity gap in order to find ways to utilize the working capacity of workforce. When all 
factors operate at optimum, the productivity (performance) is said to be at its highest level or in 
other word, the productivity gap has filled or is minimized (Samuel et al., 2003). 
 
The performance of an individual indicates the ability of that person of converting the inputs to 
outputs (Douglas and Caves, 1982). As stated by Cobb-Douglas in his production function, 
skills of workforce are one of the main inputs. Degree of skills is one of the driving forces for 
enhancing manufacturing performance (Shahidul and Anwar, 2007). The high productive 
manufacturing organizations tend to have a more highly educated skilled workforce than the 
least productive (Penny Tamkin, 2005). Haskel and Hawkes (2003) found that higher 
qualification levels support innovation and more sophisticated production process and were 
associated with the production of higher quality products.  The relationship of educational 
qualifications and productivity at manufacturing work has also been found in the US. It has been 




8.5 per cent (Black and Lynch L, 1995); this has been supported by other researcher (Mason and 
Wagner, 2002). 
 
The favorable working environment measures the degree of motivation of workforce towards 
the deployment of their skills. The positive working environment, such as working with good 
team, having good boss, liking the physical surrounding in the work place is the contributory 
factor for improving productivity. Safety in work place, job security, sustainable compensation 
package, facilities of available food and drink at workplace are the principle indicators of 
friendly working environment. A good working environment also gear up morale of workers 
and contributes to increase manufacturing productivity. The safety in work place is important to 
worker as no one is willing to take risk. The Health and Productivity Management model at 
International Truck and Engine Corporation indicates that a positive correlation exists between 
working environment and productivity (Miriam Rothman, 1987). Even the   ergonomic facilities 
at work place could enhance the manufacturing productivity by reducing the rate of 
absenteeism, sick leaves, clinical cost and paid (EPA 1000, 2003). 
 
Supplying the quality inputs into the manufacturing system such as, job scheduling, materials 
movement planning, and process layout design are highly dependent on R & D knowledge of 
manufacturing enterprise. In recent years, the topic of innovation and R & D capability are 
getting priority especially in the manufacturing system design. Dirk Czarnitzki and Niall (1999), 
pointed out, R & D intensity in manufacturing industries, both developed and developing 
counties, is playing a vital role in increasing outputs. Further more, they added, the 
accumulating R&D expenditure of a firm are often interpreted as its knowledge stock. Gregory 
Tassey (2009) found, in the USA, biggest economy in the world, the 8.6 percent positive 
changing in R & D intensity is contributing to increase about 38 per cent output. Griliches 
(1980), a pioneer scholar reports that at an elasticity of 0.07, a ten percent increase in R & D 
expenditure will be a 0.7 per cent increase in output. Further more, he found that the rate of 
return on R & D is significantly high (10 to 27%). It indicates, R & D has potentials to create 
wealth for industries. Peter and Phil (2005), in a study on Taiwanese integrated circuit (IC) 
industry found that R & D capabilities are positively related to performance. Indeed, higher 
R&D intensity is an interpretation of higher manufacturing productivity. 
 
In this paper, emphasis is given on the measurement of influence of favorable working 
environment and R & D inputs on productivity of a small group work force of labor intensive 
garments manufacturing industries of developing countries like Bangladesh. The structure of 
this paper is such that the description of research objective is placed in section 2, section 3 is 
dedicated for research methodology,  analysis and research findings is placed in section 4 and 
finally, section 5 is reserved for concluding remarks. Reference and Appendix is placed at the 
end of this paper. 
 
OBJECTIVES OF THE RESEARCH 
 
The broad objective of this research is to measure the impact of intangible inputs on 
manufacturing productivity. The specific objectives of this research are to measure the influence 
of the following inputs on manufacturing productivity;  
1. Inputs of basic skills of workforce.    
2. Inputs of Skills influenced by favorable working environment. 




Sampling Criteria and Methodology  
Data collection contains three categories of garments manufacturing industries and three types 
of manufacturing workforces and all these are involved in manufacturing of same types and 




are marked as Skill–I, Skill–II and Skill-III. Table 1 presents the sampling criteria of 
manufacturing industries and skills. 
 
Table 1: The Characteristics of Samples of Manufacturing Industries and Skills 
Industrial category   Categories of  intangible input for manufacturing   
Category A 
Used basic skills such as Skill–I, 
and cognitive skills, Skill–II and 
Skill-III in the manufacturing 
process. 
1.1 Skills-I. (basic skills)  Non School graduate, 6 
months in probation and has minimum 3 years working 
experience. 
1.2 Skills-II (cognitive skills). School graduate, 
minimum 6 months in probation and minimum 3 years 
working experience. 
1.3 Skills-III (cognitive skills) . School graduate, 
minimum 6 months in vocational school, 6 months in 
probation and has minimum 3 years working experience. 
Category B 
Provide favorable working 
environment to utilize potentials of 
skills, Skill–I, Skill–II and Skill-III 
in the manufacturing process.   
2.1. Drinking water, tea and lunch is supplied by the 
industries at free of cost.   
2.2 Regular payment of salary and wages, two bonuses 
per year, degree of bossing is moderate level.   
3.3 Supply first Aid, allow one week paid sick leave, 
arrange group insurance and minimum two weeks leave 
with pay 
Category C 
Use R & D output to utilize 
potentials of skills, Skill–I, Skill–II 
and Skill-III  in the manufacturing 
process.   
3.1. The design of manufacturing process is based on R 
& D output.  
3.2. The manufacturing working environment is setting 
up based on R & D outputs. 
3.3. The skill (labor) development program is based on 
R & D outputs. 
 
Data and Methods 
 The manufacturing firm data used in this research comes from private owned garments 
industries. The data of inputs cost and corresponding revenue of outputs, as samples from three 
categories of manufacturing industries, are shown in Table 2.   
 
Table 2: Distributions of Samples 
 Manufacturing  Variables  Category A Category B Category C 
No of industries  10 10 10 
Manufacturing data  of inputs 
cost  
30days/8hours/day 30days/8hours/day 30days/8hours/day
No of  labor  per production 
line (skill grade I) 
6 6 6 
No of labor per production line 
(skill grade II) 
6 6 6 
No of  workforce in each skills 
grade  
6 6 6 
No of labor per production 
line( skill grade III) 
6 6 6 
Revenue of outputs 30days/8hours/day 30days/8hours/day 30days/8hours/day
 
The average data of 30 working days and 8 hours per day are used in analysis process. The 
following are the equations used in analysis purpose; 
 Pr =  ∑ Y∑ X                                                         (1) 
   Pavr  =   
∑ P   
N




σr   =  /                                      (3) 
Rpa  
P  S III 
P S II
                                                                             (4) 
Rpb  
P  S III  
P S II
                                                                             (5) 
Rpc  
P  S III 
P S II
                                                                              (6) 
Where; 
Yi = revenue of outputs, P ri = productivity, Pavr  =  Average Productivity.   
Xi   = cost of all inputs consist of Salary and wages, entertainment, cost of raw materials, energy 
cost, R & D cost. 
Ns=No of sample as observed manufacturing labor.  
Rpc, Rpb, Rpc =Productivity ratio of industrial category A, B and C.  
 
Research Variables  
The principal research variables of this study are; 
a. Dependant variables is; Manufacturing productivity. 
b. Independent variables are;  i. Degree of skills of workforce, 
              ii. Favorable working environment, iii. Inputs of R&D knowledge.  
 
Table 3: Impact measuring indicators   
Indicators Measures Inference  
Productivity  Is the measures of performance of 
workforce 
 = Revenue of out/inputs cost   
Higher relative value indicates higher 




Average productivity of 6 labors 
engaged in sample manufacturing 
process.    
Higher relative value indicates higher 




Measures the deviation of 
performance respect to average 
productivity  
Higher relative value indicates degree 
of deviation of manufacturing 
performance of labor is high and their 
skills is not consistent and vice versa.     
Correlation 
Coefficient (r )  
Measures the ability of labor to 
convert the inputs to outputs i.e the 
parameters of motivation of labor 
towards work 
Higher relative value indicates degree 
of motivation towards better work 
performances and vice versa. 
Productivity 
gain ratio  ( Rpr) 
Measure impact of inputs on 
outputs. 
Rpr >1, it indicates impact is positive 



















ANALYSIS AND RESULT 
 
Impact of Basic Skills on Manufacturing Productivity 
The data of inputs cost and revenue of outputs of industrial category ‘A’ are used to estimate the 















Figure 1 : Impact of basic skills on productivity 
Figure 1(a): Impact of skills (SK-I) on productivity    Figure 1(a): Impact of skills (SK-I) on productivity
       
 
The results demonstrate that the productivity of the workforce is increased with the 
increasing of higher degree of skills; conversely, the standard deviation (σ) is reduced. 
Moreover, the value of r, a measure of ability of worker to convert the inputs to outputs, is 
increased with the increasing of higher degree of skills. 
 
Figure 1(c): Impact of skills on manufacturing productivity  
 
 



























Table 4: Impact of kills on productivity  
 
Indicators of measuring 
impact 
SK-I SK-II  SK-III Inference 
Average productivity 
 ( Prav) 
1.33 1.56 1.82 Higher degree of skills contributed 
to increase  manufacturing 
productivity   
Standard Deviation of 
productivity(σ) 
0.086 0.014 0.03 Higher degree of skills contributed 
to reduce productivity gap 
Correlation coefficient( r) 0.09 0.13 0.39 Higher degree of skills contributed 















































coefficient is r<0.5 
which indicates the 
input is not fully 
converted to output i.e a 





This statistical statement indicates a correlation of skills and outputs. The trend of productivity 
and correlation coefficient is upward which indicates that higher skills and productivity has a 
positive correlation. The meaning of decreasing tendency of standard deviation (σ) is; the higher 
degree of skill contributes to make consistence in outputs.  The distribution of productivity, a 
measuring indicator (Ref Table 3), also indicates that the productivity of manufacturing 
workforce can be increased with the increasing of degree of skills. The study concludes that 
skills can make a positive impact on manufacturing performance. 
 
Impact of Favorable Working Environment on Manufacturing Productivity 
 
The inference analysis of data of inputs cost and revenue of outputs of industrial category B are 
placed in Figure 2 and Table 5.  
 
Figure 2: Influence of favorable working environment on productivity  
 
The results show that the productivity, standard deviation (σ) of productivity and correlation 
coefficient of skills and productivity (r) are much better compare to industrial category A. 
 
Table 5: Iimpact of favorable working environment manufacturing productivity  
Indicators of 
Measuring impact 
Sk-I Sk-II Sk-III Inference 
Average productivity 
 ( Prav) 
1.36 1.75 2.11 Favorable working environment contributed 
to increase ability of workforce  to have 
higher productivity 
Standard Deviation of 
productivity(σ) 
0.032 .0186 0.024 working environment contributed to reduce 
productivity gap 
Correlation coefficient( r) 0.12 0.358 0.53 working environment contributed to 
utilize potentials of workface to higher level 
Source: Appendix, Table 9 
 
It indicates that the favorable working environment contributed to reduce the productivity gap 
of all categories of workforce engaged in manufacturing process. It means, the environment 





































of SkIII  is  r> 0.5 
which is better than 
that of category A. It 
indicates, favorable 
working environment 
has potentials to 
increase manufacturing 





Impact of R & D Supported Inputs on Manufacturing Productivity 
 
The manufacturing productivity of industrial category C is depicted in Figure 3 and Figure 4 







Figure 3: Impact of R & D knowledge on manufacturing productivity 
It is evident that the performance measuring indicators of workforce of industrial category C are 
much higher compare to other two categories. 
 
Figure 4. Influence of R & D knowledge on productivity  
 
Table 6:  Impact of R & D knowledge on manufacturing productivity  
Indicators Sk-I Sk-II Sk-III Inference 
Average productivity 
 ( Prav) 
1.55 1.89 2.56 Inputs of R& D knowledge contributed to 
increase productivity at maximum level compare 
of category A and B. 
Standard Deviation of 
productivity(σ) 
0.10 0.023 0.023 Inputs of R& D knowledge contributed to reduce 
productivity  gap at minimum level compare of 
category A and B. 
Correlation 
coefficient( r) 
0.148 0.589 0.80 Inputs of R& D knowledge contributed to 
increase ability of workforce  at maximum level  
compare of category A and B. 
Source: Appendix, Table 10. 
 
It indicates that R & D capability is a efficient tool capable to reduce productivity gap of the 
workforce to the minimum level. Thus, the inputs of R & D knowledge to the manufacturing 
system enable the workforce to add higher value in the products.  
 
Dynamic Analysis 
Productivity gain ratio measures the relative growth of performance of workforce. The 
productivity growth ratio of three categories of sample industries has placed in Table 7.  
Table 7: Impact of quality inputs on productivity  
Productivity 
gain ratio( R)  
Industrial Category  A 
Rpa 
Industrial Category  B 
Rpb
Industrial Category  C 
Rpc 
R( Sk-II, Sk-I) 1.17 1.28 1.20 
R( SK-III,Sk-II) 1.16 1.2 1.35 












































































icient of Sk-III is 
r>0.7 which is more 
than category A and 
B. It indicates inputs 
of R&D knowledge 
contribute to produce 






The estimated value of productivity gain ratio “R”  in all cases appear  more than one( R>1), it 
indicates that favorable working environment and R & D capability has the potential to create 
positive effect on manufacturing productivity. More specifically, from Table7, it is evident that 
Rpc > RPa and Rpc > RPb which demonstrate the inputs of R & D knowledge to manufacturing 




The influences of degree of skills, favorable working environment and R & D capability on 
manufacturing productivity were measured. It is found that these three inputs have potentials to 
contribute to increase manufacturing performance in terms of quantity and quality of products.  
The indicators, employed to measure the manufacturing performance of workforce, indicate that 
higher degree of skills contributed to increase manufacturing productivity. It is also found that 
the favorable working environment has potentials to increase manufacturing ability of the 
workforces. The results demonstrate, the productivity of industrial category C is much higher 
than the other two. It means that the R&D capability of category C worked as an efficient tool to 
reduce productivity gap of the workforces.  
 
The study demonstrates that a positive marginal change in inputs in terms of higher degree of 
skills, better working environment and R & D capability contribute to increase quantity and 
quality of outputs which complements to generate higher amount of revenue. Indeed, these three 
inputs geared up the manufacturing productivity and performance.   
 
This study produced enough evidence, though absence robustic quantitative evidence 
for argument, to have favorable working environment and R&D capability in 
manufacturing industries. Moreover, this study is very much positive towards investment for 
setting up R&D facility especially in labor intensive manufacturing industries of developing 
counties. The study concludes, expenditure on manufacturing R & D is essentially important to 
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Table 8:Input-output data of industrial category A   
Skills 
Grade  
Parameters  S1 S2 S3 S4 S5 S6 
SK-I Input costs 1984 1643 2129 1692 2032 1886 
Output quantity  26 19 29 20 27 24 
Sales revenue of 
outputs 
2730 1995 3045 2100 2835 2520 
Productivity  1.38 1.21 1.43 1.24 2.4 2.34 
Sk-II Input costs 2264 2215 2166 2264 2215 2264 
Output quantity  31 30 29 31 30 31 
Sales revenue of 
outputs 
3565 3450 3335 3565 3450 3565 
Productivity  2.56 1.57 1.54 1.57 1.56 1.57 
Sk-III Input costs 2496 2447 2496 2447 2496 2545 
Output quantity  35 34 34 35 35 36 
Sales revenue of 
outputs 
4550 4420 4420 4550 4550 4680 
Productivity  1.82 1.81 1.77 1.86 1.82 1.84 
 Table 9: Input-output data of industrial category B 
Skills 
Grade  
Parameters  S1 S2 S3 S4 S5 S6 
Sk-I Input costs 2115 1949 2217 1929 2051 2033 
Output quantity  25 22 26 22 23 24 
Sales revenue of 
outputs 
2950 2596 3068 2596 2714 2832 
Productivity  1.39 1.33 1.38 1.35 1.32 1.39 
Sk-II Input costs 2464 2422 2506 2464 2506 2464 
Output quantity  32 31 33 32 33 32 
Sales revenue of 
outputs 
4320 4185 4455 4320 4455 4320 
Productivity  1.75 1.73 1.78 1.75 1.78 1.75 
Sk-III Input costs 2652 2682 2724 2766 2808 2724 
Output quantity  36 36 37 38 39 37 
Sales revenue of 
outputs 
5580 5580 5735 5890 6045 5735 
Productivity  2.1 2.08 2.11 2.13 2.15 2.11 
  
Table 10: Input-output data of Industrial category C 
Skills 
Grade  
Parameters  S1 S2 S3 S4 S5 S6 
Sk-I Input costs 2207 1915 2267 2021 22017 2209 
Output quantity  26 20 26 23 21 27 
Sales revenue of 
outputs 
3588 2760 3588 3174 2898 3726 
Productivity  1.63 1.44 1.58 1.57 1.44 1.69 
Sk-II Input costs 2509 2551 2467 2593 2551 2593 
Output quantity  32 33 31 34 33 34 
Sales revenue of 
outputs 
4704 4851 4557 4998 4851 4998 
Productivity  1.87 1.9 1.87 1.93 1.9 1.93 
Sk-III Input costs 2697 2764 2806 2806 2848 2806 
Output quantity  36 37 38 38 39 38 
Sales revenue of 
outputs 
6840 7030 7220 7220 7410 7220 
Productivity  2.54 2.54 2.57 2.57 2.60 2.57 
 
